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Original repOrt: epidemiOlOgic research Abstract: The primary aim of this study was to test the hypothesis that a patient's subjective assessments of the dentist's technical competence, quality of care, and anticipated restoration longevity during a restorative visit are predictive of restoration outcome. This prospective cohort study involved 3,326 patients who received treatment for a defective restoration in a permanent tooth, participated in a baseline patient satisfaction survey, and returned for follow-up. Of the 4,400 restorations that were examined by 150 dentists, 266 (6%) received additional treatment after baseline. Reporting satisfaction with the technical skill of the dentist or quality of the dental work at baseline was not associated with retreatment after baseline. However, patients' views at baseline that the fee was reasonable (odds ratio [OR] , 1.6) was associated with retreatment after baseline, whereas satisfaction at baseline with how long the filling would last (OR, 0.6) was associated with less retreatment. These findings suggest that retreatment occurs more often for patients who at baseline are satisfied with the cost or who at baseline have less confidence in the restoration. The authors found no associations between restoration retreatment and the patients' baseline evaluations of the technical skills of their dentists or perceptions of quality care.
Introduction
Evaluation of the quality of dental treatment usually incorporates practitioner-centered clinical effectiveness as well as the assessment of a patient's experiences. Patient satisfaction is one way to measure the quality of patientcentered care and can serve as a proxy for the overall patient experience (Spreng et al. 1996; Oliver 1997) . The placement or replacement of dental restorations is the most commonly performed procedure by general dentists (McDaniel et al. 2000; Mjör et al. 2000) and is therefore an appropriate procedure to test for associations between a patient's subjective experience and more objective clinical outcomes (Goedhart et al. 1996) . Technical competence of the dentist is often cited as a key determinant of dental satisfaction, with many studies placing it at the top, or near the top, of contributory factors (Goedhart et al. 1996; Calnan et al. 1999; Tamaki et al. 2005) .
We are able to find only 1 published report that compared the objective quality of restorative treatment based on clinical outcome with the patient's perception of that quality. In that report, Abrams and colleagues recruited 117 patients before an initial examination in a university dental clinic and compared their satisfaction ratings of previous dental care with a standardized index of restoration quality of their existing restorations (Abrams et al. 1986 ). Neither the summary score from the 5-item measure of patient satisfaction nor the item asking about satisfaction with the quality of past treatment were significantly associated with the restoration index score. One interpretation of these results is that patients are unable to evaluate the technical quality of their dental care. Limitations of the Abrams study were that the restoration index considered all restorations (regardless of their history) and that many of the patients were scheduled because of problems with older restorations; consequently, more problem restorations existed. In addition, recent visits were more likely to have influenced their recall of past satisfaction, and these visits may not have involved restorative treatment.
The primary aim of this study was to test the hypothesis that a patient's subjective judgments of the dentist's technical competence, quality of care, and anticipated restoration longevity during a restorative visit are predictive of restoration outcome, as measured by whether or not the restoration was retreated after baseline. In addition, we tested whether the dentist's report of the patient's experience was associated with the restoration outcome.
Materials and Methods
This prospective cohort study was performed within the National Dental Practice-Based Research Network (Gilbert et al. 2013) . At the time of this study (2008 to 2011), the network was composed primarily of clinicians from 5 regions: Alabama/Mississippi; Florida/Georgia; dentists in Minnesota, either employed by HealthPartners in Bloomington, Minnesota, or in private practice; Permanente Dental Associates (PDA), in cooperation with Kaiser Permanente's Center for Health Research in Portland, Oregon; and dentists from Denmark, Norway, and Sweden. Practice structures differed some by network region. Results from previous studies confirmed that dentists in practicebased research networks have much in common with dentists at large (Makhija et al. 2009a (Makhija et al. , 2009b . The institutional review boards of each participating region approved the study. The written informed consent of all human subjects who participated in this investigation was obtained after the nature of the procedures had been explained fully. The study conforms to the STROBE guidelines for cross-sectional studies. Copies of the questionnaires and summary of the dentists' demographic and practice characteristics are also available at http://www.national dentalpbrn.org/study-results.php ("Longitudinal Study of Repaired or Replaced Dental Restorations").
The overall project involved collecting data on the restoration procedures, assessing patient satisfaction with the restorative visit, and a longitudinal follow-up of the restorations. Once the study was started, every patient scheduled to have a repair or replacement of a restoration on a permanent tooth was asked to participate until each practitioner enrolled 50 restorations. During each visit, patients were given the Satisfaction Survey Form, along with a stamped envelope, and instructed to complete the survey the next day. The competed satisfaction survey was mailed directly to the network regional coordinators to ensure that dentists remained masked to patient satisfaction ratings. At the end of the dental restorative procedure, the dentist completed a form about the visit that was forwarded to the regional coordinators.
The restorations that were repaired or replaced at baseline were scheduled to be recalled after 12 mo. Upon return, restorations were characterized for quality according to defined criteria. Acceptable: The restoration is of satisfactory quality and is expected to protect the tooth and the surrounding structures or has 1 or more features that deviate from ideal conditions, but it does not need to be replaced or repaired. Not acceptable: Additional treatment is necessary because future damage to the tooth and/or surrounding tissues is likely to occur or is occurring. If a serviceable or intact restoration had been replaced because it was incorporated into a larger restoration, it was recorded as acceptable.
Patient and Dentist Satisfaction Measures
The preliminary set of questions was designed by several experts in restorative dentistry and then fieldtested using 9 dentists and 39 persons with a restoration-related dental visit within the previous year. The final patient instrument, which consisted of 20 patient-answered items, is described in detail in an earlier publication (Riley et al. 2012) . Response choices were very satisfied, satisfied, neutral, dissatisfied, or very dissatisfied. A dentist version that asked about selected aspects of the treatment and visit was also developed (Riley et al. 2014 ). An earlier report of this study provides greater detail of procedural, material, and tooth factors that were tested and that contributed to the need for retreatment of the restoration (Gordan et al. 2015) .
Statistical Analysis
The dependent variable for this study was "additional treatment" and was operationalized as restorations that were classified as acceptable after baseline and were coded no treatment = 0 and those that were classified as not acceptable and received treatment (repair, replacement, endodontic, and extraction) = 1 at the follow-up. We will use the term retreatment as we refer to this set second of restorations.
The study had 2 sets of predictor variables that reflected 1) the patient's viewpoint and 2) the dentist's viewpoint of the patient during the restorative procedure. The first set of variables included a patient's assessment of the technical competence of the dentist and quality of the care received and other aspects that might influence this evaluation (comfort during the procedure, interpersonal relationship factors, and perceived value of the services). Dentists were asked how the patients would rate their technical abilities and about other aspects of their experience (comfort during the procedure, interpersonal relationship factors, and overall satisfaction).
Two binary logistic models were used to test the study hypotheses, with generalized estimating equations to adjust for clustering within dentists and restorations within patients. The prediction model included variables found to be significant predictors of treatment for the original defective restoration (repair = 1, replacement = 0), tooth (molar = 1, premolar or anterior = 0), and fractured restoration (fractured restoration = 1 when the primary reason for the defect and coded = 0 when fractured restoration was not the primary reason for the defect; Gordan et al. 2015) . Information about patient (sex, age), dentist (sex, years in practice), and practice model was entered in an initial step and included in subsequent testing if they were significant at P ≤ 0.15.
Results
In the original study of defective restorations, complete data were received on 7,286 patients in the patient satisfaction component of this study. Network regional coordinators received a total of 5,879 surveys from patients, which resulted in a compliance rate of 81% (Riley et al. 2012) . Postbaseline data were provided on 4,648 patients involving 6,059 restorations. Of the subset of 4,648 patients who completed the follow-up visit, 3,326 patients (involving 4,400 restorations) also returned the baseline patient satisfaction survey and are the subject of the following analyses. Of these 4,400 restorations, 266 (6%) required retreatment postbaseline as follows: 51 (1%) were repaired, 117 (3%) were replaced, 59 (1%) teeth received endodontic treatment, and 39 (<1%) were extracted. The mean (SD) number of months from baseline to the follow-up evaluation was 11.4 (3.5).
Patients completing both the satisfaction component and the follow-up visit were treated by 150 network dentists (39 women and 111 men) who practiced in a broad range of service models (102 private/small groups, 40 large groups, and 8 public health settings). The dentists had a mean (SD) of 10 (10) y of practice experience, ranging from 1 to 50 y at study onset. Patient demographic and restoration variables are presented in Table 1 . 
Patients' Viewpoint Predicting Restoration Outcome
Reporting satisfaction at baseline with the quality of the dental work (P = 0.46) or technical skill of the dentist (P = 0.93) was not associated with retreatment of the restoration postbaseline. Reporting satisfaction at baseline that the fee was reasonable for the service provided was associated with increased retreatment by the follow-up visit (odds ratio [OR], 1.6; P = 0.007). Reporting satisfaction at baseline with how long the filling will last (OR, 0.6; P = 0.006) was associated with a lower percentage of retreatment. Other variables were not associated with retreatment (Table 2) .
Dentists' Viewpoint Predicting Restoration Condition
The dentist reporting at baseline that the patient would rate his or her technical abilities as good or excellent was not associated with a restoration retreatment by the follow-up visit (P = 0.17). The dentists' agreement at baseline with the statement that the patient was experiencing pain during the procedure (OR, 1.3; P = 0.008) was associated with increased risk of retreatment (Table 3) . The dentists' agreement at baseline with the statement that the patient was satisfied or extremely satisfied with all aspects of the treatment and visit (OR, 0.7; P = 0.005) was associated with decreased risk of retreatment. Other variables were not associated with retreatment.
Discussion
This study tested for associations between patients' subjective experiences during a baseline dental visit to treat a defective restoration and postbaseline objective measures of clinical outcome of that restoration. Overall, we found no association between patients' evaluations of the quality of the work performed or technical skills of their dentists and restoration quality by the follow-up visit, a measure of practitionercentered clinical effectiveness. We did find evidence that pain experienced by the patient and the lack of patient satisfaction with pain control were predictive of greater risk for additional treatment after baseline.
Overall, the 6% of defective restorations needing retreatment in the first year of this large study may appear high. A recent meta-analytic review of composite restorations by Opdam et al. (2014) reported an average annual failure rate aggregated across 5 y at 1.8% or 8% over the 5-y time period. There may be several reasons for this apparent discrepancy. First, it is important to consider that network dentists did not evaluate the clinical characteristics of the restorations using the United States Public Health Services (USPHS)/Ryge criteria. Rather, one of the goals of this project was to assess the clinical survival of treatment of defective restorations chosen by practicing dentists when using their own idiosyncratic judgment for the need for retreatment. Another factor they may contribute to a higher rate is that we included defective amalgam restorations, which resulted in a higher retreatment rate than other materials (Gordan et al. 2015) . The importance of reporting outcome for the first 12 mo after treatment is supported by work by Gordan et al. (2011 Gordan et al. ( , 2015 , who found changes in USPHS/Ryge criteria to be highest in the first year. It is possible that failure rates in studies in the Opdam et al. review had higher failure rates in the first and second years. On the other hand, another network study of restorations placed on unrestored tooth surfaces reported a similar rate of failure at 6.6% (McCracken et al. 2013 ). Cared about me as a person -.127 (.417) 0.761 0.9 (0.4 to 2.0)
The outcome was scored as 0 = no treatment received for the restoration at any time during follow-up; 1 = some postbaseline treatment was received. Predictor variables were scored strongly disagree, disagree, or neither agree or disagree = 0; agree or strongly agree = 1. CI, confidence interval; OR, odds ratio.
Our earlier report of this study identified procedural, material, and tooth factors that contribute to retreatment (Gordan et al. 2015) . These include whether the defective restoration was repaired compared to replaced, whether the restoration was in a molar tooth compared to an anterior or premolar tooth, if the primary reason for the retreatment was a fracture, or if the restoration was replaced and the replacement material was amalgam. These variables were adjusted in our statistical models in this current study.
Our primary findings were similar to those of Abrams et al. (1986) , in that patients' perception of the quality care and technical skill of the dentist were not associated with whether or not a restoration received retreatment. Studies have shown that a dentist's technical competence is a high priority for patients (Goedhart et al. 1996; Tamaki et al. 2005) . For example, Calnan et al. (1999) found that perceived technical skills were evaluated as the most important components of dental care by approximately 50% of respondents. While patients ultimately judge the quality of services based on their perceptions of the technical aspects of the treatment and how that service was delivered, many professional services are highly complex, and a clear outcome is not always evident.
Although patients' ratings of the quality of care and technical skill at baseline were not associated with retreatment after baseline, retreatment was associated with the patients' baseline evaluation of the cost of the treatment. It is possible that patients who price shop for dental care may not receive the best quality of care. Given this scenario, it is conceivable that dentists with a high volume of procedures done within a certain time frame may sacrifice quality by rushing through the procedure to keep the cost down. The cost of care is known to be a determinant of the use of dental services, and it is possible that these patients may have delayed treatment and as a result had poorer oral health and, therefore, were more prone to a poor outcome (Thompson et al. 2014; Davis and Reisine 2015) . Whether restoration outcome in this study is a function of patient behavior or practice/treatment factors is unknown, but this is an interesting question. This is also consistent with another significant finding that baseline dissatisfaction with how long the restoration would last was associated with increased likelihood of retreatment. This can be interpreted to indicate that a patient who seeks low cost ultimately has less confidence in the final product (Kress and Silversin 1987) . There has been little attention to costvalue comparisons in the restorative dental literature. In general, cost is a factor in overall satisfaction (Calnan et al. 1999 ), but the Newsome and Wright (1999) review placed cost low on the list of patient priorities.
From the dentists' perspective, pain during the baseline procedure was associated with the restoration's postbaseline condition and retreatment. Based on dentists' reports, approximately 12% of the procedures were painful, and it would appear that one factor that significantly predicts retreatment is "the procedure being painful." The dentists' baseline assessment of the patients' overall satisfaction was also predictive of retreatment. Surprisingly, in an earlier report, we found that pain during the baseline procedure was not associated with patient report of overall satisfaction with that procedure (Riley et al. 2012) . We speculated that this was because patients understand the potential to have negative experiences during dental treatment (i.e., the procedure being painful), and because of other overriding How satisfied was the patient with all aspects of the dental treatment and visit? c -0.49 (0.20) 0.01 0.7 (0.5 to 0.8)
The outcome was scored as 0 = no treatment received for the restoration at any time during follow-up; 1 = some postbaseline treatment was received. CI, confidence interval; OR, odds ratio. a Items were scored strongly disagree, disagree, or neither agree or disagree = 0; agree or strongly agree = 1. b Items were scored poor, fair, or neutral = 0; good or excellent = 1. c Items were scored not at all satisfied, slightly satisfied, moderately satisfied = 0; very satisfied or extremely satisfied = 1.
positive factors, such as a high level of rapport and trust of the dentist, patients were satisfied.
Our study improves upon the methodology used by Abrams et al. (1986) in that 1) this study focused on a single procedure (treatment of a defective restoration); 2) patients rated the dentists' performance proximal to the procedure, so recall bias was reduced; and 3) the outcome was an objective assessment-retreatment after baseline. A weakness of our study is that outcomes were monitored only the first year, although decrement in restoration quality progressively decreases after the first year (Gordan et al. 2006 (Gordan et al. , 2011 . This study was observational in that clinicians selected what they determined was the most appropriate treatment for failed and failing restorations and whether to retreat by the follow-up visit.
Conclusion
These findings suggest that retreatment occurs more often for patients who at baseline are satisfied with the cost or who at baseline have less confidence in the final product. This study did not support the hypothesis that dental patient perceptions of quality of care are associated with practitioner-determined clinical effectiveness. Consistent with earlier work (Abrams et al. 1986 ), we found no associations between patients' evaluation of the technical skills of their dentists and restoration retreatment. Although technical competence of the dentist is often cited as being a key determinant of dental satisfaction, it appears possible that patients focus on other aspects of the dental visit when making this judgment.
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